acting on this variation: no single person could learn how to speak 7000 languages or how to make 7.7 million technological inventions, and it is extremely difficult to be both a Christian and a Muslim at the same time. And it is also uncontroversial to assume that this variation in languages, beliefs, knowledge and so on is inherited not genetically but culturally, i.e. via social learning mechanisms such as imitation, or spoken or written language. In sum, culture exhibits variation, selection and inheritance, therefore culture evolves according to Darwinian principles. This is not a novel claim by any means. Darwin himself wrote in The Descent of Man that his theory of evolution applied not only to biological change but also to cultural change, specifically linguistic change:
"The formation of different languages and of distinct species, and the proofs that both have been developed through a gradual process, are curiously parallel…The survival or preservation of certain favoured words in the struggle for existence is natural selection" (Darwin, 1871; 90-91) Over the next few decades, a string of highly reputable anthropologists (Morgan, 1877; Tylor, 1871) , sociologists (Keller, 1915; Spencer, 1896) , psychologists (Baldwin, 1909; James, 1880) , economists (Veblen, 1898) , linguists (Muller, 1870; Schleicher, 1863) and archaeologists (Pitt-Rivers, 1875) similarly argued that Darwin's theory could be applied to the particular cultural phenomena studied within their discipline. Yet the SSH today exhibit little influence of this early interest in cultural evolution. Indeed, it is fair to say that an evolutionary approach to cultural change is viewed with suspicion or downright hostility within the SSH. While there are many historical reasons for this rejection (Mesoudi, Veldhuis, & Foley, 2010) , such as an unfounded association of cultural evolution with eugenics and social Darwinism (Hodgson, 2004 ) and the unfortunate post-modern, anti-scientific turn in many branches of the SSH ! ! 6 (Slingerland, 2008) , I think that at least some of the blame lies with early theories of cultural evolution themselves. In the next section I examine two particularly prominent but, in my view, flawed theories of cultural evolution, before in the following section turning to a more productive theory of cultural evolution.
Inadequate theories of cultural evolution
Many of the early theories of cultural evolution proposed within sociology and anthropology were not, in fact, very Darwinian. The cultural evolutionary theories of Tylor (1871) to another once they had reached the designated "complexity". It should be emphasised that these Spencerian theories of cultural evolution are very different to the Darwinian theory of cultural evolution of the kind outlined in the next section.
A second flawed theory of cultural evolution that has emerged more recently is memetics.
In The Selfish Gene, Richard Dawkins (1976) coined the term "meme" to describe the cultural equivalent of a gene, arguing that cultural change can be thought of as the differential replication of alternative memes. This idea has since been propounded by scholars such as Blackmore (1999) and Dennett (1995) . The problem with memetics is that it makes too restrictive assumptions regarding the details of cultural evolution. As previously noted, a Darwinian theory of cultural evolution simply requires the existence of variation, selection, and inheritance, making no further assumptions regarding where the variation comes from, how selection operates and how traits are inherited. Memetics, in contrast, applies neo-Darwinian assumptions to cultural change, requiring that cultural variation be divided up into discrete units that are inherited in an all-or-nothing fashion, that cultural inheritance is non-Lamarckian, that cultural variation is generated in blindly (i.e. random with respect to utility), and so on. To most social scientists, these assumptions seem highly unrealistic: inventors, scientists and politicians often direct cultural change in specific directions rather than blindly applying principles or theories at random; traits (e.g. phonemes) blend when they are transmitted rather than transmitted in an allor-nothing particulate fashion; people modify beliefs, ideas, technologies etc. before passing them on to someone else in a manner that resembles Lamarckian inheritance of acquired characteristics, and so on (Henrich, Boyd, & Richerson, 2008; Mesoudi, forthcoming) . Memetics simply does not adequately recognise the differences between cultural and genetic evolution in a way that makes the memetics approach empirically useful. The fact that memetics has been restricted to writings in popular science books rather than empirical research may be testament to this shortcoming.
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A truly Darwinian theory of cultural evolution
In my view, an adequate theory of cultural evolution, one that maintains Darwin's fundamental insight that change occurs when varying entities within a population are differentially inherited over successive generations, yet simultaneously acknowledges the differences in detail between genetic and cultural evolution, did not appear until the 1980s in the work of Cavalli-Sforza and Feldman (1981) and Boyd and Richerson (1985) . Where previous theories of cultural evolution tended to the informal and speculative (Campbell, 1965; Dawkins, 1976) , these pairs of researchers constructed formal, quantitative models of cultural evolution using mathematical modelling techniques devised by population geneticists to model genetic evolution. These models specify a set of varying cultural traits that are transmitted from generation to generation (or individual to individual within the same generation), specify a set of processes that act to make certain traits more or less likely to be transmitted, and determine the long-term dynamics of the resulting system, such as whether one trait drives all other traits to extinction or whether multiple traits co-exist in equilibrium, or whether some processes generate faster cultural change than other processes. Processes modelled by Cavalli-Sforza and Feldman (1981) and Boyd and Richerson (1985) include different modes of cultural transmission (vertical transmission from parent to offspring, oblique transmission from parental generation to a nonrelative of the next generation, or horizontal transmission within the same generation); the consequences of blending cultural inheritance and non-discrete (i.e. non-meme-like) cultural variation; random cultural mutation (akin to genetic mutation) versus directed "guided variation", where people acquire traits, modify them, and pass them on in a manner that can be described as Lamarckian; content biases, where certain kinds of traits are intrinsically more memorable or cognitively attractive than others; frequency-dependent biases, where traits are ! ! 9 preferentially adopted if they are popular (conformity) or rare (anti-conformity); and modelbased biases, where traits are preferentially adopted if they are exhibited by particularly successful or prestigious people.
Note that many of these processes are explicitly different to the genetic case, such as Lamarckian-like guided variation, blending inheritance, and biases such as conformity and prestige bias. Indeed, many of these processes are already well-established and well-studied within the mainstream, non-evolutionary SSH. Frequency-dependent (e.g. conformist) and model-based (e.g. prestige) biases, for example, have been studied for decades within social psychology (Mesoudi, 2009 ). Yet the real advantage of placing such processes within a
Darwinian framework is that these individual-level processes can be explicitly and quantitatively hunter. Success-biased cultural transmission causes other group members to copy that single successful hunter's design, resulting on the right-hand side in uniformity within groups and correlations between dimensions across the entire region.
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In contrast, points found in eastern California tend to be diverse in their designs, with no linkage between dimensions and low correlations between dimensions (Figure 1 ). Long points are no more likely to be thin than thick, such that dimensions show low correlations across the region. Bettinger and Eerkens (1999) argued that this pattern arose because point designs spread in this region via guided variation, where hunters copy a design and then modify it according to individual, trial-and-error learning. This latter individual modification would break down correlations between point dimensions (Figure 3 ). However, given that we cannot go back and directly observe prehistoric hunters copying successful individuals or employing guided variation, Bettinger and Eerkens' hypothesis is still ! ! 12 necessarily indirect. To address this problem, Michael O'Brien and I subsequently carried out a series of experimental (Mesoudi, 2008; Mesoudi & O'Brien, 2008a) and theoretical (Mesoudi & O'Brien, 2008b ) simulations aiming to test whether Bettinger and Eerkens' hypothesised scenario really does generate the observed archaeological patterns. Participants in the lab, and computer-generated agents modelled on those participants' behaviour, designed "virtual arrowheads" via a simple computer game (Figure 4) . We manipulated the transmission biases that participants/agents could employ, allowing them to either engage in individual trial-anderror learning (simulating guided variation) or copy other players in their group given information about their success in the game (allowing success-biased cultural transmission).
Figure 4 -The virtual arrowhead task that participants played in Mesoudi and O'Brien (2008a) . Participants could directly modify arrowhead dimensions via the boxes at the top (Height, Width etc.) allowing guided variation, or copy another participant via the panel on the left, allowing success-biased cultural transmission.
As predicted, success bias generated higher inter-arrowhead correlations than guided variation ( Figure 5 ). The experimental simulation therefore supports Bettinger and Eerkens'
However, the observed correlations only occurred under certain conditions. In particular, the effect was only observed if we assumed multiple locally-optimal arrowhead designs. This is important because, if there is just a single globally-optimal (best-possible) design, then individual learners employing guided variation will independently converge on this single optimal design, and diversity will drop. If, on the other hand, there are multiple locally optimal designs, then different hunters may converge on different locally optimal designs, generating the low correlations shown in Figure 5 and, by inference, the low correlations in prehistoric California documented by Bettinger and Eerkens (1999) (Figure 1 ). This shows how experiments can be used to directly test archaeological hypotheses that are intrinsically indirect, given the limitations of historical methods. 
Towards an interdisciplinary, evolutionary synthesis
The aforementioned example is but a first step in explaining cultural phenomena in terms interactions (Mesoudi, Whiten, & Dunbar, 2006) , emotionally salient information (Heath, Bell, & Sternberg, 2001 ) and supernatural concepts that violate our intuitive folk beliefs (Barrett & Nyhof, 2001) . Evolutionary economists are building on initial foundations (Nelson & Winter, 1982) to explain economic systems not in terms of static equilibria but in terms of dynamic, evolutionary processes (Dopfer & Potts, 2008; Hodgson & Knudsen, 2010) . And finally, phylogenetic methods are being used to reconstruct the (macro-) evolutionary history of cultural traits, from languages (Gray & Jordan, 2000; Pagel, 2009 ) to written manuscripts (Howe et al., 2001 ) to artefacts in the archaeological record (O'Brien, Darwent, & Lyman, 2001; O'Brien & Lyman, 2003) to practices such as inheritance and marriage customs in the ethnographic record (Fortunato, Holden, & Mace, 2006; Holden & Mace, 2003) .
I see all of this work as indicative of a potential "evolutionary synthesis" for the SSH (Mesoudi, 2007, forthcoming; Mesoudi, Whiten, & Laland, 2006) . In the biological sciences,
Darwin's theory of evolution resulted in the 1930s and 1940s in the hugely productive integration of different hitherto-separate branches of biology (zoology, botany, anatomy, palaeontology, systematics, population genetics etc.), with each discipline studying different aspects of the same phenomena within the same theoretical framework (Huxley, 1942; Mayr & Provine, 1980) . In contrast, the SSH today remain fractionated in different disciplines with often mutually exclusive theoretical assumptions and little exchange of theories, concepts, methods
and findings across disciplinary boundaries. The work outlined above, in contrast, spans multiple traditional SSH disciplines, from anthropology to psychology to linguistics to economics. This may be because the Darwinian methods employed by Cavalli-Sforza and Feldman (1981), Boyd and Richerson (1985) and others are specifically designed to link micro-evolutionary processes to macro-evolutionary patterns. In biology, the micro-evolutionary processes are natural selection, genetic mutation and recombination, particulate inheritance and so on. In culture, the micro-evolutionary processes are guided variation, conformity, prestige bias, content biases, and so on. Yet the underlying logic is the same: macro-evolutionary patterns, from S-shaped innovation diffusion curves to regional differences in projectile point diversity to the distribution of first names or dog breeds, can be explained in terms of precisely-defined individual-level processes. Figure 6 shows a potential structure of a synthetic evolutionary science of culture, with different branches of the SSH mapped onto those branches of the biological sciences that have the same aims and methods. There are two advantages of such a mapping scheme. First, we can borrow methods from the biological side and apply them to similar problems on the cultural side.
The population-genetic-style mathematical modelling techniques used by Cavalli-Sforza and Feldman (1981) and Boyd and Richerson (1985) are an example of this, as are phylogenetic methods. (Note that this does not have to be a one-way street, and methods used in the SSH may also be borrowed by biologists: for example, biologists famously borrowed game theoretic methods from economists to analyse strategic interactions between organisms, and to great The second advantage of such an overarching evolutionary framework is that it encourages interaction between different branches of the SSH. More concretely, multiple methods can be used to address the same problem, and these methods frequently complement each other's strengths and weaknesses. This can be seen in the example discussed above: archaeologists such as Bettinger and Eerkens (1999) cannot go back in time and directly observe prehistoric hunters copying successful hunters or employing guided variation; any explanation of population-level differences in artefact variation must necessarily be indirect. Yet with experimental simulations, such as the one conducted by Mesoudi and O'Brien (2008a) , we can directly observe people copying others, as well as manipulate how they learn and manipulate variables such as fitness functions and learning costs, in order to more powerfully test hypotheses than is possible with purely historical methods. In other words, experiments offer greater "internal validity", or the
